In order to comprehensively screen and identify the glycoside compounds in tobacco, a simple, rapid and sensitive method of high performance liquid chromatography/electrospray ionization linear ion-trap tandem mass spectrometry (HPLC-ESI-LIT/MS n ) coupled with electrospray ionization orbitrap mass spectrometry (ESI-Orbitrap-MS) was developed for the first time. As a result, twenty-two glycoside compounds, including eleven alcoholic glycosides, eight phenolic glycosides, two ester glycosides and an indole glycoside, were reliably identified from tobacco with high mass accuracy (within 5 mDa). Among them, four compounds were confirmed as novel molecules and other four compounds, as far as we know, were not reported previously in tobacco. This study provided a useful tool to identify the new structures of glycoside compounds in natural products, especially when there were no reference compounds available.
Introduction
Glycosides are a large class of low-molecular-weight secondary metabolites formed in the process of growth and development of plants. These components are active ingredient of many medicinal plants. For example, previous study has showed that stevioside isolated from the leaves of Stevia rebaudiana (Compositae) lowered blood pressure in spontaneously hypertensive rats when administered intravenously. 1 Amygdaline, the substance initially found in plants of the rosaceous family, has been widely used to treat asthma, aplastic anemia and tumors in oriental medicine. 2 Furthermore, it has been proved that glycosides readily release aglycones straightforwardly in the processing of plants maturation, gather and industrial processing because of enzymolysis. 3 By enzymatic or acid hydrolysis, the glycosides in many vegetables, fruits and fragrant plants could decomposed into monoterpene alcohols and aromatic alcohols, which were important fruity aroma. Therefore, glycosides is known as "aroma precursor". [4] [5] [6] [7] Previous analyses have showed that many glycosidically-bound aroma volatiles, such as terpenols, aromatic alcohols and fatty alcohols, are very common in tobacco. 8, 9 Thus, the effective method for the separation and structural identification of new glycosides in tobacco is of significant importance for the investigation of tobacco flavor and bioactivity of tobacco glycosides.
To the structural identification of most new glycosides in plants, traditional strategies that involved extraction, isolation, purification and identification by spectroscopic methods such as infrared (IR) and nuclear magnetic resonance (NMR) techniques in the previous literature were performed. [10] [11] [12] [13] Although it is the most efficient method for complete structural elucidation of the compounds, a relatively large amount of purified sample is required and the isolation procedure from a complicated mixture is laborious and costly. Currently, various analytical techniques used for separation and identification of glycosides in tobaccos include enzymatic hydrolysis or acid hydrolysis coupled with gas chromatography-mass spectrometry (GC-MS) method, 9, [14] [15] [16] [17] and liquid chromatography-mass spectrometry (LC-MS) or liquid chromatography-tandem mass spectrometry (LC/MS n ) method. [18] [19] [20] [21] However, those methods above are indirect because they need comparison with standard references and literature data. Therefore it is desirable to develop a rapid and sensitive method for identifying and characterizing the known or new structures. High resolution mass spectrometry (HRMS) and its hybrid or equipped with MS n have proven to be very powerful tools for the structural characterization and identification of natural compounds in view of their complementary capacity of providing multistage fragmentations and accurate mass measurements for precise elemental compositions of molecular ions and subsequent product ions. 22 This method is possible to rapidly screen many new glycosides in plants using a minor amount of material samples and to detect the trace compounds which might be ignored by NMR.
In this study, a method of high performance liquid chromatography electrospray ionization linear ion-trap tandem mass spectrometry (HPLC-ESI-LIT/MS n or LC-ESI-LIT/MS n ) coupled with electrospray ionization orbitrap mass spectrometry (ESI-Orbitrap-MS) was used to separate and identify the glycosides in tobacco. The relationship between structure characteristics and MS n fragmentation ions of five authentic glycosides was investigated and the fragmentation patterns of the five glycosides were proposed. On the basis of the patterns, a comprehensive screening of glycoside compounds in tobacco was performed through MS n experiments, such as data-dependent and neutral losses scans. Then, the structures of the screened glycosides were elucidated by MS n fragmentation ions and accurate mass measurements. As a result, twenty-two glycoside compounds were reliably identified with very good mass accuracy (within 5 mDa) from the tobacco. Among them, four compounds were confirmed as novel molecules and other four compounds were not reported previously in tobacco. It is the first time to rapidly screen new glycosides in tobacco, based on this technique with the fragmentation patterns of authentic glycosides.
Experimental
Chemicals, reagents and sample
The authentic glycosides, including benzyl β-Dglucopyranoside, 2-phenylethyl β-D-glucopyranoside, rutin, 3-oxo-α-ionyl β-D-glucopyranoside and kaempferyl-3-rutinoside were used as reference standards for identification purposes. Among them, benzyl β-D-glucopyranoside and 2-phenylethyl β-D-glucopyranoside were prepared by the modified Konigs-Knorr method. 23 The other three compounds were isolated from tobacco samples by semipreparative HPLC in our laboratory. Briefly, the tobacco sample (500 g) was extracted with methanol by ultrasonic assistant extraction. The tobacco sample and the experiment method were the same as the description in Sample preparation sub-section, while the Amberlite AB-8 column (4 × 60 cm) was employed and the volume of all reagents was enlarged 200 times. The resulting sample solution was filtered through a membrane filter (0.45 µm, Millipore). Then two mL of the resulting filtrate was injected into the semi-preparative HPLC. The HPLC system equipped with a Waters 600 controller, a Waters Delta 600 pump, an ultraviolet detector (Waters 2489), and a SunFire TM prep C18 column (250 × 10 mm internal diameter (i.d.), 10 µm, Waters Corp., USA). The mixed solvent CH 3 CN-0.1% formic acid aqueous solution (70:30, v/v) was used as eluent at a flow rate of 4.0 mL min -1 . As a result, 45, 11 and 13 mg of rutin, 3-oxo-α-ionyl β-D-glucopyranoside and kaempferyl-3-rutinoside, respectively, were obtained from 500 g of a tobacco sample. The structures of the authentic glycosides ( Figure 1 C NMR). The purity of the standards was determined to be higher than 98% by normalization of the peak area by HPLC-ELSD (evaporative light scattering detector, ELSD). Stock solutions (0.4 mg mL -1 ) of the five glycosides were prepared individually in methanol.
HPLC-grade acetonitrile and methanol were purchased from Merck (Darmstadt, Germany) and HPLC-grade formic acid was purchased from Amethyst Chemicals (Beijing, China). Deionized water (18 MΩ cm) was obtained from a Milli-Q water purification system (Millipore Corp., USA).
The flue-cured tobacco sample (Nicotinan tabacum L., Guangdong Nanxiong grade: CF-3-2) was kindly provided from R&D center of Hongta Tobacco (Group) Co., Ltd. (Yuxi, China). The sample was dried at 45 o C for 4 h and ground to pass through a 60-mesh sieve, and then stored in brown glass jars at 4 o C.
Sample preparation
The tobacco sample (2.00 g) was extracted by ultrasonic assistant extraction with methanol (60 mL) for 40 min at 120 W. After filtration, the residue was washed with methanol (3 × 10 mL) and the resulting solutions were combined and concentrated by rotary evaporation to give a residue (0.53 g), and then dissolved in deionized water (10 mL). This solution was extracted with hexane-ether (1:1, v/v) (3 × 30 mL) to remove lipids, and the water phase was collected, concentrated under reduced pressure to give a residue (0.44 g), and then dissolved in methanol (5 mL). Afterwards, this solution was passed over an Amberlite AB-8 column (2 × 30 cm) and rinsed with 200 mL deionized water. Finally, the column was eluted with 300 mL methanol and the resulting solution was taken to dryness by rotary evaporation. The resulting residue (0.11 g) was dissolved in 5 mL methanol to give a sample Vol. 28, No. 4, 2017 solution of tobacco glycosides, and the sample solution was analyzed by LC-ESI-LIT/MS n and ESI-Orbitrap-MS after filtering through a 0.45 µm organic membrane.
LC conditions
HPLC analysis was performed on a Thermo Fisher Scientific LTQ XL instrument coupled to a quaternary 1250 pump, an auto-sampler and a column department. HPLC separation was performed on a ACQUITY UPLC HSS T3 column (2.1 × 100 mm i.d., 1.8 µm; Waters, USA) with a flow rate of 300 µL min -1 and a sample injection volume of 5 µL. The mobile phase was consisted of water (A) and acetonitrile (B). A gradient program was used as follows: 0-2 min, 90% A; 2-25 min, 90-10% A; 25-28 min, 10-90% A; 28-30 min, 90% A.
Mass spectrometric conditions
For LC-ESI-LIT/MS n analysis, mass spectra were acquired using a LTQ ion trap mass spectrometer (Thermo Electron Corp., USA) equipped with an ESI source operated in positive ion and negative-ion mode. LC-MS settings were as follows: spray voltage 5.0 kV; sheath gas flow rate 30 (arbitrary units); auxiliary gas flow rate 10 (arbitrary units); temperature of the capillary 350 ºC. High-purity nitrogen (N 2 ) was used as the sheath and auxiliary gas. Ultra-high-purity helium (He) was used as the collision gas. LC/MS n analyses was carried out in data-dependent scan mode with three scan events: event 1: full mass spectrum, range m/z 200-800 (unless otherwise specified); event 2: datadependent MS 2 spectrum of most abundant ion from event 1; event 3: data-dependent MS 3 spectrum of most abundant ion from event 2. Detection was achieved at an isolation width of 2.0 m/z units with collision-induced dissociation (CID) activation type, and fragmentation with normalized collisional dissociation energy of 25% for event 2 and 35% for event 3 unless otherwise specified.
High-resolution mass spectrometer (HRMS) experiment was performed with a Thermo Fisher Scientific ExactiveOrbitrap ion trap mass spectrometer equipped with an ESI source (ESI-Orbitrap-MS), operated in positive and negative-ion mode and using a syringe pump. The syringe speed was set at 8.00 µL s -1 . The ionization source-specific parameters were as follows: spray voltage 3.50 kV; sheath gas flow rate 30 (arbitrary units); auxiliary gas flow rate 10 (arbitrary units); capillary temperature 300 ºC; capillary voltage 60 V. In the same way, high-purity nitrogen (N 2 ) was used as the sheath and auxiliary gas and ultra-high-purity helium (He) was used as the collision gas.
Results and Discussion

Investigation of authentic glycosides by LC-ESI-LIT/MS n and ESI-Orbitrap-MS
The authentic glycosides I-V were analyzed by LC-ESI-LIT/MS n and ESI-Orbitrap-MS in positive and negative ion mode, respectively. The accurate molecular mass of the five compounds were acquired by HRMS analyses with high mass accuracy (less than 2 mDa) (data not shown). The results of MS n experiments show that these five compounds can provide many characteristic fragment ions, both in positive-ion and negative-ion mode. Moreover, the compounds present similar fragmentations in MS n experiments. As a representative example, the fragmentation patterns of compound III (rutin) were investigated for elucidation of the molecular structure.
The proposed fragmentation pathways (a) and mass spectra in positive ESI mode of rutin (b) are shown in − at m/z 301 was characterized from the losses of a neutral glucosyl residue and a rhamnosyl residue. In MS 3 , a fragment ion m/z 283 was characterized by the loss of H 2 O from the ion at m/z 301. A fragment ion m/z 179 showed a glucose unit contained in the molecule. 12, [24] [25] [26] Based on the analyses of the five authentic compounds, it was concluded that their fragmentation patterns were corresponded to their structural characteristics. + ions, and these ions were selected to trace the structural information of the aglycone. Hence, according to these fragmentation patterns, the glycoside compounds could be screened out from tobacco comprehensively, and the structures of unknown tobacco glycosides could be proposed.
Identification of glycosides in the sample solution of fluecured tobacco
The sample solution (see Sample preparation sub-section) of flue-cured tobacco was analyzed by LC-ESI-LIT/MS n and ESI-Orbitrap-MS in positive ion mode and negative ion mode. The LC-ESI-LIT/MS n analyses were carried out in data-dependent scan mode and neutral loss scan mode (glu, rha, and glu-rha, 162, 146 and 308 Da, respectively) in order to screen out the glycosides compounds (including unknown glycosides) comprehensively form tobaccos. The total ion chromatogram (TIC) and the extracted ion chromatogram (EIC) of sample solution in positive ion mode were acquired by LC-ESI-LIT/MS n , which were shown in Figure 3 . According to the fragmentation patterns of the authentic compounds, the total of 22 glycoside compounds were preliminarily screened out and designed as compound 1 to 22 according to the retention times sequence (see Figure 3) . The MS n fragmentation ions and the accurate quasi-molecular ion mass of the 22 compounds acquired by LC-ESI-LIT/MS n and ESI-Orbitrap-MS analyses are presented in Table 1 .
Among the 22 compounds detected in this study, compounds 2, 3, 8, 9 and 10 were unambiguously identified as benzyl β-D-glucopyranoside, 2-phenylethyl β-Dglucopyranoside, rutin, 3-oxo-α-ionyl β-D-glucopyranoside and kaempferyl-3-rutinoside, respectively, by comparing the retention time (t R ) and fragmentation patterns with those of the authentic glycosides I-V.
Compound 1 n data, blumenyl A β-D-glucopyranoside had been analyzed and its structure was precisely accorded with our deducted structure of compound 7. 28 Therefore, compound 7 could be unequivocally identified as vomifoliol β-D-glucopyranoside.
The molecular formula of compound 11 (t R = 8.10 min) was calculated as C 25 Then the ion at m/z 347 yielded a product ion at m/z 201 by the loss of a rhamnosyl residue. By comparing with the fragmentation patterns of the reference of rutin, the sugar moiety is a rutinose. Thus, this compound was considered to be 17-hydroxy-5-estran-3-one-17-rutinoside. The proposed fragmentation pathways for compound 22 are shown in Figure 7 . As far as we know, this compound was reported for the first time.
Conclusions
A simple, reliable and sensitive method by means of LC-ESI-LIT/MS n coupled with ESI-Orbitrap-MS has been used for the comprehensive separation and identification of glycoside compounds in tobacco for the first time. In this study, five known authentic glycosides have been used to investigate the relationship between structure characteristics and MS n fragmentation ions in detail. The fragmentation patterns were proposed and used for the identification of unknown glycosidic structures in a complex mixture, based on the MS n data of the above-mentioned known compounds. On the other hand, HRMS instruments (ESI-Orbitrap-MS) offer a capability of unequivocal identification of compounds by means of accurate mass measurements. As a result, twenty-two glycoside compounds were reliably identified with high mass accuracy (within 5 mDa) from tobacco. Among them, four compounds were confirmed as novel molecules and other four compounds are not previously reported in tobacco samples. In addition, the results of this study clearly demonstrate the potential of mass spectrometry for the structural identification of glycosides and open perspectives for similar studies on other natural compounds. 
